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Abstract
We study semileptonic and radiative B decays involving the strange tensor meson K∗2 (1430)
in the final state. Using the large energy effective theory (LEET) techniques, we formulate the
B → K∗2 transition form factors in large recoil region. All the form factors can be parametrized
in terms of two independent LEET functions ζ⊥ and ζ‖. The magnitude of ζ⊥ is estimated from
the data for B(B → K∗2 (1430)γ). Assuming a dipole q2-dependence for the LEET functions and
ζ‖/ζ⊥ = 1.0 ± 0.2, for which the former consists with the QCD counting rules and the latter is
favored by the B → φK∗2 data, we investigate the decays B → K∗2 ℓ+ℓ− and B → K∗2νν¯, where
the contributions due to ζ‖ are suppressed by mK∗2/mB . For the B → K∗2 ℓ+ℓ− decay, in the
large recoil region where the hadronic uncertainties are considerably reduced, the longitudinal
distribution dFL/ds is reduced by 20 − 30% due to the flipped sign of ceff7 compared with the
standard model result. Moreover, the forward-backward asymmetry zero is about 3.4 GeV2 in
the standard model, but changing the sign of ceff7 yields a positive asymmetry for all values of
the invariant mass of the lepton pair. We calculate the branching fraction for B → K∗2νν¯ in the
standard model. Our result exhibits the impressed resemblance between B → K∗2 (1430)ℓ+ℓ−,
νν¯ and B → K∗(892)ℓ+ℓ−, νν¯.
PACS numbers: 13.20.He, 14.40.Ev, 12.39.Hg
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TABLE I: Branching fractions of radiative and semileptonic B decays involving K∗ or K∗2 .
Mode B [10−6] Mode B [10−6]
B+ → K∗+(892)γ 45.7± 1.9 [5, 6, 7] B0 → K∗0(892)γ 44.0 ± 1.5 [5, 6, 7]
B+ → K∗+2 (1430)γ 14.5± 4.3 [8] B0 → K∗02 (1430)γ 12.4 ± 2.4 [8, 9]
B+ → K∗+(892)e+e− 1.42+0.43−0.39 [10, 11] B0 → K∗0(892)e+e− 1.13+0.21−0.18 [10, 11]
B+ → K∗+(892)µ+µ− 1.12+0.32−0.27 [10, 11, 12] B0 → K∗0(892)µ+µ− 1.00+0.15−0.13 [10, 11, 12]
B+ → K∗+(892)νν¯ < 80 [13, 14] B0 → K∗0(892)νν¯ < 120 [13, 14]
I. INTRODUCTION
The flavor-changing neutral current (FCNC) processes involving b → s(d) transitions
occur only at loop-level in the standard model (SM) and thus provide an important testing
ground to look for new physics phenomena. Radiative B decays can offer bounds on the
CKM matrix elements |Vts| and |Vtd| as well as powerful constraints on new physics. The
absolute value of ceff7 , which is the Wilson coefficient of electromagnetic dipole operator,
extracted from the current B → Xsγ data is consistent with the SM prediction within
errors.
The b→ sℓ+ℓ− processes arise from photonic penguin, Z-penguin andW -box diagrams.
The inclusive B → Xsℓ+ℓ− and exclusive B → K(∗)ℓ+ℓ− decays have been measured
[1, 2]. We summarize the current data for branching fractions of exclusive radiative and
semileptonic B decays relevant to the FCNC b→ s transition in Table I [3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15]. The FCNC processes may receive sizable new-physics contributions
[16, 17, 18, 19, 20, 21]. Recently, BABAR and Belle have measured interesting observables,
K∗ longitudinal fraction, forward-backward asymmetry and isospin asymmetry, in the
B → K∗ℓ+ℓ− decays [1, 2, 3, 10, 11, 15]. Although the data are consistent with the SM
predictions, all measurements favor the flipped-sign ceff7 models [22]. The minimal flavor
violation supersymmetry models with large tanβ can be fine-tuned to have the flipped
sign of ceff7 [23, 24], for which the charged Higgs is dominant. However, the contributions
of the charged Higgs exchange to c9 and c10 are suppressed by 1/ tan
2 β for large tanβ.
The measurements of inclusive and various exclusive decays relevant to FCNC tran-
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sitions can shed light on new physics. We have studied B → K1(1270)γ and B →
K1(1270)ℓ
+ℓ− [25, 26], where the K1(1270) is the P -wave meson. B → K1(1270)γ
has been measured by Belle[27]. In this paper, we focus on the exclusive processes
B → K∗2(1430)γ, B → K∗2(1430)ℓ+ℓ− and B → K∗2 (1430)νν¯, where K∗2 (1430) is the
strange tensor meson with positive parity.
The B → K∗2 (1430)γ decays have been observed by Belle and BABAR collaborations
[8, 9]. See also Table I. Corresponding semileptonic decays can be expected to see
soon. Because both K∗2 and K
∗ mainly decay to the two-body Kπ mode, therefore the
angular-distribution analysis for the B → K∗ℓ+ℓ− decays are applicable to the study for
B → K∗2ℓ+ℓ− decays.
In experiments, the exclusive mode is much more easier to accessible than the inclu-
sive process. However, the former contains form factors parametrizing hadronic matrix
elements, and thus suffers from large theoretical uncertainties. B → K∗2 transition form
factors, which are relevant to the study of the radiative and semileptonic B decays into
a K∗2 , are less understood compared with B → K∗ ones. So far only some quark model
results about them [28, 29, 30]. In this paper we formulate the B → K∗2 form factors in
the large recoil region using the large energy effective theory (LEET) techniques [31]. We
will show that all the form factors can be parameterized in terms of two independent form
factors ζ⊥ and ζ‖ in the LEET limit. The former form factor can be estimated by using
the data for B → K∗2 (1430)γ, while the latter only gives corrections of order mK∗2/mB in
the amplitude.
We study the longitudinal distribution dFL/ds and forward-backward asymmetry for
the B → K∗2ℓ+ℓ− decay. Particularly, we find that in the large recoil region, where the
uncertainties of these observables arising from the form factors are considerably reduced
not only due to taking the ratio of form factors but also due to the evaluation in the large
EK∗
2
limit. For the new-physics effect, we will focus on the possible correction due to the
ceff7 with the sign flipped.
We calculate the branching fraction for B → K∗2νν¯ in the SM. This mode enhanced
by the summation over three light neutrinos is theoretically cleaner due to the absence
of long-distance corrections related to the relevant four-fermion operators. This decay
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is relevant for the nonstandard Z0 coupling [32], light dark matter [33] and unparticles
[34, 35].
The paper is organized as follows. In Sec. II we formulate the B → T form factors using
the LEET techniques. In Sec. III, we numerically study the radiative and semileptonic B
meson decays into the K∗2(1430). We conclude with a summary in Sec. IV.
II. B → T FORM FACTORS IN THE LEET
For simplicity we work in the rest frame of the B meson (with mass mB) and assume
that the light tensor meson T (with mass mT ) moves along the z-axis. The momenta of
the B and T are given by
pµB = (mB, 0, 0, 0) ≡ mB vµ, pµT = (E, 0, 0, p3) ≡ E nµ, (1)
respectively. Here the tensor meson’s energy E is given by
E =
mB
2
(
1− q
2
m2B
+
m2T
m2B
)
, (2)
where q ≡ pB − pT . In the LEET limit,
E,mB ≫ mT ,ΛQCD, (3)
we simply have
vµ = (1, 0, 0, 0), nµ ≃ (1, 0, 0, 1). (4)
The polarization tensors ε(λ)µν of the massive spin-2 tensor meson with helicity λ can be
constructed in terms of the polarization vectors of a massive vector state [36]
ε(0)∗µ = (p3, 0, 0, E)/mT , ε(±)∗µ = (0,∓1,+i, 0)/
√
2, (5)
and are given by
εµν(±2) ≡ ε(±)µε(±)ν , (6)
εµν(±1) ≡
√
1
2
(ε(±)µε(0)ν + ε(0)µε(±)ν), (7)
εµν(0) ≡
√
1
6
(ε(+)µε(−)ν + ε(−)µε(+)ν) +
√
2
3
ε(0)µε(0)ν. (8)
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Due to the purpose of the present study, we calculate the B → T transition form
factors:
〈T |V µ|B〉, 〈T |Aµ|B〉, 〈T |T µν |B〉, 〈T |T µν5 |B〉, (9)
where V µ ≡ ψ¯γµb, Aµ ≡ ψ¯γµγ5b, T µν = ψ¯σµνb and T µν5 = ψ¯σµνγ5b. There is a trick
to write down the form factors in the LEET limit. We first note that we have three
independent classes of Lorentz structures (i) ǫαβµν , (ii) vµ, nµ and (iii)
√
2
mT
E
{ε(λ)∗µνvν − [ε(λ)∗αβvαvβ]nµ} =


0 for λ = ±2,
ε(±)µ for λ = ±1,
0 for λ = 0,
(10)
√
2
mT
E
ǫµνρσ[ε(λ)∗ναv
α]nρvσ =


0 for λ = ±2,
ǫµνρσε(±)νnρvσ for λ = ±1,
0 for λ = 0,
(11)
√
3
2
(mT
E
)2
[ε(λ)∗αβv
αvβ]nµ =


0 for λ = ±2,
0 for λ = ±1,
nµ for λ = 0,
(12)
√
3
2
(mT
E
)2
[ε(λ)∗αβv
αvβ]vµ =


0 for λ = ±2,
0 for λ = ±1,
vµ for λ = 0,
(13)
to project the relevant polarization states of the tensor meson. Eqs. (10), (12) and (13)
are the vectors, but Eq. (11) the axial-vector. Matching the parities of the matrix elements
and using the three classes of the Lorentz structures, we can then easily parametrize the
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form factors in the following results:
〈T |V µ|B〉 = −i2E
(mT
E
)
ζ
(v)
⊥ ε
∗µνρσvνnρε
∗
σβv
β, (14)
〈T |Aµ|B〉 = 2E
(mT
E
)
ζ
(a)
⊥
[
ε∗µαvα − (ε∗αβvαvβ)nµ
]
+2E
(
m2T
E2
)
(ε∗αβv
αvβ)
[
ζ
(a)
‖ n
µ + ζ
(a)
‖,1v
µ
]
, (15)
〈T |T µν |B〉 = 2E
(
m2T
E2
)
ζ
(t)
‖ ǫ
µνρσ(ε∗αβv
αvβ)vρnσ
+2E
(mT
E
)
ζ
(t)
⊥ ǫ
µνρσnρ[ε
∗
σαv
α − (ε∗αβvαvβ)nσ]
+2E
(mT
E
)
ζ
(t)
⊥,1ǫ
µνρσvρ[ε
∗
σαv
α − (ε∗αβvαvβ)nσ], (16)
〈T |T µν5 |B〉 = −i2E
(mT
E
)
ζ
(t5)
⊥,1
{[
ε∗µαvα − (ε∗αβvαvβ)nµ
]
vν − (µ↔ ν)}
−i2E
(mT
E
)
ζ
(t5)
⊥
{[
ε∗µαvα − (ε∗αβvαvβ)nµ
]
nν − (µ↔ ν)}
−i2E
(
m2T
E2
)
ζ
(t5)
‖ (ε
∗
αβv
αvβ)(nµvν − nνvµ), (17)
where ǫ0123 = −1 is adopted. 〈T |T µν |B〉 is related to 〈T |T µν5 |B〉 by using the relation:
σµνγ5ǫµνρσ = 2iσρσ. Note that for the tensor meson only the states with helicities ±1 and
0 contribute to the B → T transition in the LEET limit. ζ⊥’s are relevant to T with
helicity = ±1, and ζ‖’s to T with helicity = 0.
In order to reduce the number of the independent B → T form factors, we consider
the effective current operator q¯nΓbv (with Γ = 1, γ5, γ
µ, γµγ5, σ
µν , σµνγ5) in the LEET
limit, instead of the original one q¯Γb [31]. Here bv and qn satisfy /vbv = bv, /nqn = 0 and
(/n/v/2)qn = qn. Employing the Dirac identities
/v/n
2
γµ =
/v/n
2
(nµ/v − iǫµνρσvνnργσγ5) , (18)
/v/n
2
σµν =
/v/n
2
[i(nµvν − nνvµ)− i(nµγν − nνγµ)/v − ǫµνρσvνnργσγ5] , (19)
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where ǫ0123 = −1 is adopted, one can obtain the following relations:
q¯nbv = vµq¯nγ
µbv, (20)
q¯nγ
µbv = n
µq¯nbv − iǫµνρσvνnρq¯nγσγ5bv, (21)
q¯nγ
µγ5bv = −nµq¯nγ5bv − iǫµνρσvνnρq¯nγσbv, (22)
q¯nσ
µνbv = i [n
µvν q¯nbv − nµq¯nγνbv − (µ↔ ν)]− ǫµνρσvρnσ q¯nγ5bv, (23)
q¯nσ
µνγ5bv = i [n
µvν q¯nγ5bv + n
µq¯nγ
νγ5bv − (µ↔ ν)]− ǫµνρσvρnσ q¯nbv. (24)
Substituting the above results into Eqs. (14)-(17), we have
ζ
(v)
⊥ = ζ
(a)
⊥ = ζ
(t)
⊥ = ζ
(t5)
⊥ ≡ ζ⊥, (25)
ζ
(a)
‖ = ζ
(t)
‖ = ζ
(t5)
‖ ≡ ζ‖, (26)
ζ
(a)
‖,1 = ζ
(t5)
⊥,1 = ζ
(t)
⊥,1 = 0, (27)
and thus find that there are only two independent components, ζ⊥(q
2) and ζ‖(q
2), for the
B → T transition in the LEET limit. In the full theory, the B(pB) → K∗2(pK∗2 , λ) form
factors are defined as follows,
〈K∗2(pK∗2 , λ)|s¯γµb|B(pB)〉 = −i
2
mB +mK∗
2
V˜ K
∗
2 (q2)ǫµνρσpBνpK∗
2
ρe
∗
σ, (28)
〈K∗2(pK∗2 , λ)|s¯γµγ5b|B(pB)〉 = 2mK∗2 A˜
K∗
2
0 (q
2)
e∗ · pB
q2
qµ
+(mB +mK∗
2
)A˜
K∗
2
1 (q
2)
[
e∗µ − e
∗ · pB
q2
qµ
]
−A˜K∗22 (q2)
e∗ · pB
mB +mK∗
2
[
pµB + p
µ
K∗
2
−
m2B −m2K∗
2
q2
qµ
]
,
(29)
〈K∗2(pK∗2 , λ)|s¯σµνqνb|B(pB)〉 = 2T˜
K∗
2
1 (q
2)ǫµνρσpBνpK∗
2
ρe
∗
σ, (30)
〈K∗2(pK∗2 , λ)|s¯σµνγ5qνb|B(pB)〉 = −iT˜2
K∗2 (q2)
[
(m2B −m2K∗
2
)e∗µ − (e∗ · pB)(pµB + pµK∗
2
)
]
−iT˜3K
∗
2 (q2)(e∗ · pB)
[
qµ − q
2
m2B −m2K∗
2
(pµB + p
µ
K∗
2
)
]
,
(31)
where eµ ≡ εµν(pK∗
2
, λ)pB,ν/mB corresponding to λ = 0,±1. We have eµ = (|~pK∗
2
|/mK∗
2
)ε˜µ,
where ε˜(0) =
√
2/3ε(0) and ε˜(±1) = √1/2ε(±1). We thus normalize these form factors
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and obtain relations as follows
A˜
K∗
2
0 (q
2)
|~pK∗
2
|
mK∗
2
≡ AK∗20 (q2) ≃
(
1−
m2K∗
2
mBE
)
ζ‖(q
2) +
mK∗
2
mB
ζ⊥(q
2), (32)
A˜
K∗2
1 (q
2)
|~pK∗
2
|
mK∗
2
≡ AK∗21 (q2) ≃
2E
mB +mK∗
2
ζ⊥(q
2), (33)
A˜
K∗
2
2 (q
2)
|~pK∗
2
|
mK∗
2
≡ AK∗22 (q2) ≃
(
1 +
mK∗
2
mB
)[
ζ⊥(q
2)− mK∗2
E
ζ‖(q
2)
]
, (34)
V˜ K
∗
2 (q2)
|~pK∗
2
|
mK∗
2
≡ V K∗2 (q2) ≃
(
1 +
mK∗
2
mB
)
ζ⊥(q
2), (35)
T˜
K∗
2
1 (q
2)
|~pK∗
2
|
mK∗
2
≡ TK∗21 (q2) ≃ ζ⊥(q2), (36)
T˜
K∗
2
2 (q
2)
|~pK∗
2
|
mK∗
2
≡ TK∗22 (q2) ≃
(
1− q
2
m2B −m2K∗
2
)
ζ⊥(q
2), (37)
T˜
K∗
2
3 (q
2)
|~pK∗
2
|
mK∗
2
≡ TK∗23 (q2) ≃ ζ⊥(q2)−
(
1−
m2K∗
2
m2B
)
mK∗
2
E
ζ‖(q
2), (38)
where have used |~pK∗
2
|/E ≃ 1. Our results are consistent with Ref. [30]. Defining
ε˜(0)µ = αLε(0)
µ, ε˜(±1)µ = βT ε(±1)µ, (39)
we can easily generalize the studies of B → K∗γ, B → K∗ℓ+ℓ− and B → K∗νν¯ to B →
K∗2γ, B → K∗2ℓ+ℓ− and B → K∗2νν¯ processes. For the K∗ cases, we have αL = βT = 1,
whereas for the K∗2 cases, we instead use αL =
√
2/3 and βT = 1/
√
2.
III. NUMERICAL STUDY
In the following numerical study, we use the input parameters listed in Table II. The
Wilson coefficients that we adopt are the same as that in Ref. [26]
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TABLE II: Input parameters
Tensor meson mass mK∗+
2
(1430) = 1.426GeV, mK∗02 (1430) = 1.432GeV,
b quark mass [37] mb,pole = 4.79
+0.19
−0.08 GeV,
B lifetime (picosecond) τB+ = 1.638, τB0 = 1.530,
CKM parameter [38] |V ∗tsVtb| = 0.040 ± 0.001, |Vub| = (3.44+0.22−0.17)× 10−3.
A. B → K∗2γ and B → K∗2ℓ+ℓ−
The effective Hamiltonian relevant to the B → K∗2γ and B → K∗2ℓ+ℓ− decays is given
by
Heff = −GF√
2
VtbV
∗
ts
10∑
i=1
ci(µ)Oi(µ) + H.c., (40)
O7 = −gemmb
8π2
s¯σµν(1 + γ5)bFµν , O8 = −gsmb
8π2
s¯iσµν(1 + γ5)bjG
µνT ij,
O9 = αEM
2π
s¯(1− γ5)b(ℓ¯ℓ), O10 = αEM
2π
s¯(1− γ5)b(ℓ¯γ5ℓ). (41)
In analogy to B → K∗γ [24, 39, 40, 41], the B → K∗2γ decay width reads
Γ(B → K∗2γ)
=
G2FαEM |V ∗tsVtb|2
32π4
m2b,polem
3
B
(
1− m
2
K∗
2
m2B
)3 ∣∣∣c(0)eff7 + A(1)∣∣∣2 ∣∣∣TK∗21 (0)∣∣∣2 β2T , (42)
with βT =
√
1/2. Here A(1) is decomposed into the following components [40]
A(1)(µ) = A(1)c7 (µ) + A
(1)
ver(µ) = −0.038− 0.016i. (43)
In the LEET limit, T
K∗
2
1 (q
2) can be parametrized in terms of two independent functions
ζ⊥(q
2) and ζ‖(q
2). Using c
(0)eff
7 = −0.315 and the B(B0 → K∗02 γ) data in Table I, we
estimate the value of ζ⊥(0) as
T
K∗2
1 (0) ≃ ζ⊥(0) = 0.27± 0.03+0.00−0.01, (44)
where the errors are due to the uncertainties of the experimental data and pole mass
of the b-quark, respectively. The uncertainty is mainly due to the error of the data.
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We use the QCD counting rules to analyze the q2-dependence of form factors [42]. We
consider the Breit frame, where the initial B meson moves in the opposite direction
but with the same magnitude of the momentum compared with the final state K∗2 , i.e.,
~pB = −~pK∗
2
. In the large recoil region, where q2 ∼ 0, since the two quarks in mesons have
to interact strongly with each other to turn around the spectator quark, the transition
amplitude is dominated by the one-gluon exchange between the quark pair and is therefore
proportional to 1/E2. Thus we get 〈K∗2(pK∗2 ,±1)|V µ|B(pB)〉 ∝ ǫµνρσpBνpK∗2ρε(±)σ×1/E2
and 〈K∗2(pK∗2 , 0)|Aµ|B(pB)〉 ∝ pµK∗2 ×1/E2. In other words, we have ζ⊥,‖(q2) ∼ 1/E2 in the
large recoil region. Motivated by the above analysis, we will model the q2 dependence of
the form-factor functions to be ζ⊥,‖(q
2) = ζ⊥,‖(0) · (1− q2/m2B)−2. For the value1 of ζ‖(0),
within the framework of the SM model, it was shown that fT/fL ≈ 3(mφ/mB)2(ζ⊥/ζ‖)2 for
the B → φK∗2 decay [30], where fT and fL are the transverse and longitudinal components,
respectively2. Comparing with the current data fL = 0.80 ± 0.10 for B+ → φK∗2 (1430)+
and fL = 0.901
+0.059
−0.061 for B
0 → φK∗2 (1430)0 [43], we therefore parametrize
ξ ≡ ζ‖(0)/ζ⊥(0), with 0.8 ≤ ξ ≤ 1.2, (45)
to take into account the possible uncertainty.
The invariant amplitude of B → K∗2ℓ+ℓ−, in analogy to [24], is given by
M = −iGFαEM
2
√
2π
V ∗tsVtbmB [Tµs¯γµb+ Uµs¯γµγ5b] , (46)
where
Tµ = Aǫµνρσ ε˜∗νpρBpσT − im2BBε˜∗µ + iC(ε˜∗ · pB)pµ + iD(ε˜∗ · pB)qµ, (47)
Uµ = Eǫµνρσε˜∗νpρBpσT − im2BF ε˜∗µ + iG(ε˜∗ · pB)pµ + iH(ε˜∗ · pB)qµ. (48)
The D-term vanishes when equations of motion of leptons are taken into account. The
1 The light-front results infer that ζ⊥ and ζ‖ are of the same sign [28].
2 Here the new-physics contribution can be negligible if it mainly affects ceff7 .
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building blocks A, · · · ,H are given by
A = 2
1 + mˆK∗
2
ceff9 V
K∗
2 (s) +
4mˆb
sˆ
ceff7 T
K∗
2
1 (s), (49)
B = (1 + mˆK∗
2
)
[
ceff9 (sˆ)A
K∗
2
1 (s) + 2
mˆb
sˆ
(1− mˆK∗
2
)ceff7 T
K∗
2
2 (s)
]
, (50)
C = 1
1− mˆK∗
2
[
(1− mˆK∗
2
)ceff9 (sˆ)A
K∗2
2 (s) + 2mˆbc
eff
7
(
T
K∗2
3 (s) +
1− mˆK∗
2
sˆ
T
K∗2
2 (s)
)]
, (51)
D = 1
sˆ
[
ceff9 (sˆ){(1 + mˆK∗2 )A
K∗2
1 (s)− (1− mˆK∗2 )A
K∗2
2 (s)}
− 2mˆK∗
2
A
K∗
2
0 (s)− 2mˆbceff7 TK
∗
2
3 (s)
]
, (52)
E = 2
1 + mˆK∗
2
c10V
K∗
2 (s), F = (1 + mˆK∗
2
)c10A
K∗
2
1 (s), G =
1
1 + mˆK∗
2
c10A
K∗
2
2 (s), (53)
H = 1
sˆ
c10
[
(1 + mˆK∗
2
)A
K∗2
1 (s)− (1− mˆK∗2 )A
K∗2
2 (s)− 2mˆK∗2A
K∗2
0 (s)
]
, (54)
where sˆ ≡ s/m2B and s ≡ (p+ + p−)2 with p± being the momenta of the leptons ℓ±.
ceff9 (sˆ) = c9+Ypert(sˆ)+YLD contains both the perturbative part Ypert(sˆ) and long-distance
part YLD(sˆ). Y (sˆ)LD involves B → K∗2V (c¯c) resonances, where V (c¯c) are the vector
charmonium states. We follow Refs. [44, 45] and set
YLD(sˆ) = − 3π
α2EM
c0
∑
V=ψ(1s),···
κV
mˆV B(V → ℓ+ℓ−)ΓˆVtot
sˆ− mˆ2V + imˆV ΓˆVtot
, (55)
where ΓˆVtot ≡ ΓVtot/mB and κV = 2.3. The detailed parameters used in this paper can
be found in Ref. [26]. The longitudinal, transverse and total differential decay rates are
respectively given by
dΓL
ds
≡ dΓ
ds
∣∣∣∣
αL=
√
2/3
βT=0
,
dΓT
ds
≡ dΓ
ds
∣∣∣∣ αL=0
βT=
√
1/2
,
dΓtotal
ds
≡ dΓ
ds
∣∣∣∣αL=√2/3
βT=
√
1/2
. (56)
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with
dΓ
dsˆ
=
G2Fα
2
EMm
5
B
210π5
|V ∗tsVtb|2
{
1
6
|A|2uˆ(sˆ)sˆβ2T
{
3
[
1− 2(mˆ2K∗
2
+ sˆ) + (mˆ2K∗
2
− sˆ)2
]
− uˆ(sˆ)2
}
+ β2T |E|2sˆ
uˆ(sˆ)3
3
+
1
12mˆ2K∗
2
λ
|B|2uˆ(sˆ)
{
3
[
1− 2(mˆ2K∗
2
+ sˆ) + (mˆ2K∗
2
− s)2
]
− uˆ(sˆ)2
}
×
[
(−1 + mˆ2K∗
2
+ sˆ)2α2L + 8mˆ
2
K∗
2
sˆβ2T
]
+
1
12m2K∗
2
λ
|F|2uˆ(sˆ)
{
3α2Lλ
2
+ uˆ(sˆ)2
[
16mˆ2K∗
2
sˆβ2T − (1− 2(mˆ2K∗
2
+ sˆ) + mˆ4K∗
2
+ sˆ2 − 10mˆ2K∗
2
sˆ)α2L
]}
+α2Luˆ(s)
λ
4mˆ2K∗
2
[
|C|2
(
λ− uˆ(sˆ)
2
3
)
+ |G|2
(
λ− uˆ(sˆ)
2
3
+ 4mˆ2ℓ(2 + 2mˆ
2
K∗
2
− sˆ)
)]
−α2Luˆ(s)
1
2mˆ2K∗
2
[
Re(BC∗)
(
λ− uˆ(sˆ)
2
3
)
(1− mˆ2K∗
2
− sˆ)
+ Re(FG∗)
{(
λ− uˆ(sˆ)
2
3
)
(1− mˆ2K∗
2
− sˆ) + 4mˆ2ℓλ
}]
−2α2Luˆ(s)
mˆ2ℓ
mˆ2K∗
2
λ
[
Re(FH∗)− Re(GH∗)(1− mˆ2K∗
2
)
]
+ α2Luˆ(s)
mˆ2ℓ
mˆ2K∗
2
sˆλ|H|2
}
. (57)
We have chosen the kinematic variables uˆ ≡ u/m2B and uˆs ≡ u(s)/m2B, where u =
−u(s) cos θ and
u(s) ≡
√
λ
(
1− 4mˆ
2
ℓ
sˆ
)
, (58)
with
λ ≡ 1 + mˆ4K∗
2
+ sˆ2 − 2mˆ2K∗
2
− 2sˆ− 2mˆ2K∗
2
sˆ, (59)
and θ being the angle between the moving direction of ℓ+ and B meson in the center of
mass frame of the ℓ+ℓ− pair. In Fig. 1, the total decay rates for B → K∗2(1430)µ+µ−with
and without charmonium resonances are plotted. The detailed results for the charmonium
resonances can be found in Refs. [44, 45]. The branching fraction for nonresonant B →
K∗2µ
+µ− is obtained to be
B(B0 → K∗02 (1430)µ+µ−) = (3.5+1.1−1.0+0.7−0.6)× 10−7, (60)
12
FIG. 1: The differential decay rates dΓtotal(B
0 → K∗02 (1430)µ+µ−)/ds as functions of the
dimuon invariant mass s. The solid (dashed) curve corresponds to the center value of the decay
rate with (without) the charmonium resonance effects.
0. 2. 4. 6. 8. 10. 12. 14.
s@GeV2D
0.
0.5
1.
dB
rHB
®
K 2*
H1
43
0L
Μ
+
Μ
-
L
ds
´
10
7
where the first error comes from the variation of ζ⊥ in Eq. (44), the second error from
the uncertainty of ξ in Eq. (45).
The longitudinal fraction distribution for B → K∗2ℓ+ℓ− decay is defined as
dFL
ds
≡ dΓL
ds
/
dΓtotal
ds
. (61)
In Fig. 2, the longitudinal fraction distribution for the B → K∗2(1430)µ+µ− decay is plot-
ted. For comparison, we also plot FL(B → K∗(892)µ+µ−)/ds as a benchmark. For small
s (. 3GeV2), B → K∗µ+µ− and B → K∗2µ+µ− have similar rates for the longitudinal
fraction, while for large s (& 4GeV2) the dFL/ds for the B → K∗2µ+µ− decay slightly
exceeds the B → K∗µ+µ−. More interestingly, when s ∼ 3GeV2, the result of the new-
physics models with the flipped sign solution for ceff7 can deviate more remarkably from
the SM prediction (and can be reduced by 20− 30%).
13
FIG. 2: Longitudinal fraction distributions dFL/ds as functions of s. The thick (blue) and thin
(red) curves correspond to the central values of B → K∗02 (1430)µ+µ− and B0 → K∗0(892)µ+µ−
decays, respectively. The solid and dashed curves correspond to the SM and new-physics model
with flipped sign of ceff7 , respectively.
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The forward-backward asymmetry for the B → K∗2ℓ+ℓ− decay is given by
dAFB
dsˆ
= −β2T
G2Fα
2
EMm
5
B
210π5
|V ∗tsVtb|2sˆuˆ(s)2 [Re(BE∗) + Re(AF∗)]
∣∣∣∣
βT=
√
1/2
(62)
= −β2T
G2Fα
2
EMm
5
B
210π5
|V ∗tsVtb|2sˆuˆ(s)2
[
Re(c10c
eff
9 )V
K∗2A
K∗
2
1
+
mˆb
sˆ
Re(c10c
eff
7 )
{
(1− mˆK∗
2
)V K
∗
2T
K∗
2
2 + (1 + mˆK∗2 )A
K∗
2
1 T
K∗
2
1
}]∣∣∣∣
βT=
√
1/2
.
(63)
In Fig. 3 we illustrate the normalized forward-backward asymmetry dAFB/ds ≡
(dAFB/ds)/(dΓtotal/ds) for B → K∗2µ+µ− together with B → K∗µ+µ−.
In the SM, the forward-backward asymmetry zero s0 for B → K∗2µ+µ− is defined by
Re[c10c
eff
9 (sˆ0)]V
K∗2 (s0)A
K∗
2
1 (s0)
= −mˆb
sˆ0
Re(c10c
eff
7 )
{
(1− mˆK∗
2
)V K
∗
2 (s0)T
K∗
2
2 (s0) + (1 + mˆK∗2 )A
K∗
2
1 (s0)T
K∗
2
1 (s0)
}
. (64)
We obtain
s0 = 3.4± 0.1GeV2, (65)
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FIG. 3: Forward-backward asymmetries dAFB/ds for B → K∗2 (1430)µ+µ−(thick curves) and
B → K∗(892)µ+µ− (thin curves) as functions of the dimuon invariant mass s. The solid and
dashed curves correspond to the SM and new-physics model with flipped sign of ceff7 . Variation
due to the uncertainty from ζ‖(q
2)/ζ⊥(q
2) (see Eq. (45)) is denoted by dotted curves.
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where the error comes from the variation of mb. This result is very close to the zero
for B → K∗µ+µ−. As shown in Fig. 3, it is interesting to note that the form factor
uncertainty of the zero vanishes in the LEET limit.
The asymmetry zero exists only for Re[ceff9 (s)c10] Re(c
eff
7 c10) < 0. Therefore with the
flipped sign of ceff7 along, compared with the SM prediction, the asymmetry zero dis-
appears, and dAFB/ds is positive for all values of s. From recent measurements for
B → K∗ℓ+ℓ− decays, the solution with the flipped sign of ceff7 seems to be favored
by the data [22, 46, 47]. One can find the further discussion in Ref. [26] for the
B → K1(1270)ℓ+ℓ− decays.
B. B → K∗2νν¯
In the SM, b → sνν¯ proceeds through Z penguin and box diagrams involving top
quark exchange [48]. One of the reasons that we are interested in the study of decays
going through b→ sνν¯ is the absence of long-distance corrections related to the relevant
four-fermion operators. Moreover, the branching fractions are enhanced by the summation
over three light neutrinos. New physics contributions arising from new loop and/or box
15
diagrams may significantly modify the predictions. In the SM, the branching fractions
involving K or K∗ are predicted to be B(B → Kνν¯) ≃ 3.8× 10−6 and B(B → K∗νν¯) ≃
13 × 10−6 [48, 49], while only upper limits 10−4 ∼ 10−5 were set in the experiments [13,
14, 22]. In the new physics scenario, the contribution originating from the nonstandard
Z0 coupling can enhance the branching fraction by a factor ten [32]. This mode is also
relevant to search for light dark matter [33] and unparticles [34, 35].
The generally effective weak Hamiltonian relevant to the b→ sνν¯ decay is given by
Heff = cLs¯γµ(1− γ5)b ν¯γµ(1− γ5)ν + cRs¯γµ(1 + γ5)b ν¯γµ(1− γ5)ν, (66)
where cL and cR are left- and right-handed weak hadronic current contributions, respec-
tively. New physics effects can modify the SM value of cL, while cR only receives the
contribution from physics beyond the SM [32]. In the SM we have
cSML =
GF√
2
αEM
2π sin2 θW
VtbV
∗
tsX(xt) = 2.9× 10−9, (67)
where the detailed form of X(xt) can be found in Refs. [50, 51, 52, 53]. The K
∗
2 helicity
polarization rates of the missing invariant mass-squared distribution dΓh/ds of the B →
K∗2 ν¯ν decay are given by [32, 54, 55, 56],
dΓ0
dsˆ
= 3α2L
|~p|
48π3
|cL − cR|2
m2K∗
2
×
[
(mB +mK∗
2
)(mBE −m2K∗
2
)A
K∗
2
1 (q
2)− 2m
2
B
mB +mK∗
2
|~p|2AK∗22 (q2)
]2
, (68)
dΓ±1
dsˆ
= 3β2T
|~p|q2
48π3
×
∣∣∣∣(cL + cR) 2mB|~p|mB +mK∗
2
V K
∗
2 (q2)∓ (cL − cR)(mB +mK∗
2
)A
K∗2
1 (q
2)
∣∣∣∣
2
, (69)
where sˆ ≡ s/m2B, αL =
√
2/3 and βT =
√
1/2 with 0 ≤ s ≤ (mB − mK∗
2
)2 being the
invariant mass squared of the neutrino-antineutrino pair. Here the factor 3 counts the
numbers of the neutrino generations. ~p and E are the three-momentum and energy of
the K∗2 in the B rest frame. In Fig. 4, we show the distribution of the missing invariant
mass-squared for the B → K∗2(1430)ν¯ν decay within the SM. We find
B(B0 → K∗02 (1430)ν¯ν) = (2.8+0.9−0.8+0.6−0.5)× 10−6, (70)
16
FIG. 4: Branching fraction distribution dB(B0 → K∗02 ν¯ν)/ds as a function of the missing
invariant mass squared s within the SM. The solid (black), dashed (blue), dotted (green) and
dot-dashed (red) curves correspond to the total decay rate and the polarization rates with
helicities h = 0, −1, +1, respectively.
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where the first and second errors are due to the uncertainty of the form factors and ξ,
respectively.
IV. SUMMARY
We have studied the radiative and semileptonic B decays involving the tensor meson
K∗2 (1430) in the final states. Using the large energy effective theory techniques, B →
K∗2 (1430) transition form factors have been formulated in the large recoil region. There are
only two independent functions ζ⊥(q
2) and ζ‖(q
2) that describe all relevant form factors.
We have determined the value of ζ⊥(0) from the measurement of B(B0 → K∗02 (1430)γ).
Adopting a dipole q2-dependency for the LEET functions and ζ‖(q
2)/ζ⊥(q
2) = 1.0± 0.2,
for which the former consists with the QCD counting rules and the latter is favored by
the B → φK∗2 data, we have investigated the decays B → K∗2ℓ+ℓ− and B → K∗2νν¯.
Note that ζ‖ only gives corrections of order mK∗
2
/mB. We have discussed two dedicated
observables, the longitudinal distribution dFL/ds and forward-backward asymmetry, in
the B → K∗2ℓ+ℓ− decay. Recent forward-backward asymmetry measurements for B →
K∗ℓ+ℓ− decays [3, 11, 15] seem to (i) allow the possibility of flipping the sign of ceff7 , or
17
(ii) have both c9 and c10 flipped in sign, as compared with the SM. Meanwhile, in the
large recoil region, BABAR has recently reported the large isospin asymmetry for the
B → K∗ℓ+ℓ− decays, which qualitatively favors the flipped sign ceff7 model over the SM
[22]. Therefore in the present study, in addition to the SM, we focus the new-physics effects
on ceff7 with the sign flipped. It should be note that the magnitude of c
eff
7 is stringently
constrained by the B → Xsγ data which is consistent with the SM prediction.
For the B → K∗2ℓ+ℓ− decay, of particular interest is the large recoil region, where the
uncertainties of form factors are considerably reduced not only by taking the ratios of
the form factors but also by computing in the large EK∗
2
limit. In this region, where the
invariant mass of the lepton pair s ≃ 2− 4GeV2, due to the flipped sign of ceff7 compared
with the SM result, dFL/ds is reduced by 20− 30%, and its value can be ∼ 0.8. One the
other hand, in the SM the asymmetry zero is about 3.4GeV2, but changing the sign of
ceff7 yields a positive forward-backward asymmetry for all values of the invariant mass of
the lepton pair.
We have obtained the branching fraction forB → K∗2νν¯ in the SM. This mode enhanced
by the summation over three light neutrinos is theoretically cleaner due to the absence
of long-distance corrections related to the relevant four-fermion operators. This decay is
relevant for the search for the nonstandard Z0 coupling, light dark matter and unparticles.
In summary, the investigation of the semileptonic B decays involving K∗2 (1430) will
further provide complementary information on physics beyond the standard model. Our
results also exhibit the impressed resemblance of the physical properties between B →
K∗2 (1430)ℓ
+ℓ−, νν¯ and B → K∗(892)ℓ+ℓ−, νν¯.
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